Introduction
In economic models households manage the fundamental problem of choosing consumption and saving in the face of deterministic income as well as income shocks. What complicates the matter is that households differ with respect to preferences and ability, some are more patient than others, some are more risk averse, and some plan better for the future. In addition, capital markets are not perfect and the ability to smooth income shocks is largely dependent on the access to and the sophistication of asset markets. Finally, the current situation in Norway where most households have a large fraction of their wealth invested in illiquid housing wealth, and many have an additional mortgage many times their annual income, will certainly influence the ability to adjust and the magnitude of response to an unexpected income or wealth shock.
In the last decade, both theoretical and empirical economic research has acknowledged that there is substantial heterogeneity across households in their consumption responses to income shocks. However, most economic life-cycle models are still based on a single asset and a representative household. In this memo we first present a general life-cycle model that divides assets into liquid assets, mortgages and housing wealth in order to provide a theoretical framework that resembles more the situation at hand. We then proceed to deriving the theoretic predictions for consumption following a change in interest rates, a change in house prices and unemployment.
Next, we present some descriptive evidence on Norwegian households' consumption and saving behavior. In this memo we apply Norwegian registry data on wealth and income to gauge the potential impact of such shocks in Norway. Firstly we document substantial heterogeneity in households' balance sheets and their apparent preparedness for interest hikes, income shortfalls or house price drops. The data reveal large differences among the households, but also that many of the most indebted households are concentrated among the higher income deciles.
Finally, we study the evolution of household consumption growth around the most turbulent period we observe in our data, the 2008 financial crisis. Norway was not severely hit during the crisis in terms of unemployment, but the economy experienced (in addition to an uncertain economic environment) both increased interest rates for a time and also a temporary drop in housing prices. As other international studies have found, we also find that households with ex ante higher levels of leverage reduced their consumption growth substantially more than those with lower leverage from the years before crisis. However, we also show that part of this result may be explained by the fact that when grouping household by high loan-to-income or loan-to-value in a particular year, a reduction in consumption in subsequent years follows naturally from the infrequent nature of durable spending.
Theory
Intertemporal household choice models that include housing in the utility function and a diversified asset portfolio tend to become very complicated to solve. Here we will present such a model not with the intention of solving it and using it for simulations, but as a framework that may help clarifying the economic mechanisms that we assume will be present following an income or wealth shock. For more complete model framework and numerical solutions we refer to Li and Yao (2007) and Yang (2009) .
Utility
In this model the household gains instantaneous utility from non-durable consumption and housing services. While the former needs to be purchased anew in every period, the latter depend on the stock of housing that the household owns in the period of interest. Preferences are represented by a standard CRRA utility for the composite good and a Cobb-Douglas function to aggregate current consumption and housing services. The weight parameter φ determines preferences toward consumption and housing services.
Usually with a CRRA utility function, θ denotes relative risk aversion, and 1/θ the inter-temporal elasticity of substitution. Here, since the indivisible good housing is included in the function, the coefficient is no longer equal to the relative risk aversion, and we may rather call it a curvature parameter. The household discounts the future using a constant factor β ≤ 1. The household enters the model at time t = 1, and leaves at the deterministic age T 1 . The expected discounted lifetime utility becomes
Labor income
The households receive an exogenous stream of labor income Y t in each period, depending on a deterministic component, f (t, Z t ) and an idiosyncratic stochastic component, ε t . The labor income process hence takes the following form:
The deterministic component f (t, Z t ) is a function of age and education; the stochastic component is the sum of an idiosyncratic temporary shock ξ t ∼ N (0, σ 2 ξ ) and a persistent shock v t that follows a random walk:
where ϑ t is distributed as N (0, σ 2 ϑ ).
Housing
Housing plays a dual role in this model. It is both a durable consumption good and a vehicle for investment. The household receives housing services that is proportional to the size of the current housing stock. In each period a fraction δ is lost due to depreciation. Moreover, housing is an investment good with uncertain capital value P h t which is a relative price that represents the price of one unit of housing in terms of the consumption good. The house price is assumed to follow an exponential trend with growth rate, g, and stochastic component, η t . P h t = exp {gt + η t } Housing in this model refers to the households' primary residence and is thus traded as a single indivisible piece. Housing is severely illiquid. When adjusting the housing stock the household has to sell the old property, incurring a transaction cost that amounts to λ times the old house's current value. Denote the gross investment in the housing stock by P h I h . Hence the quantity of housing owned by the household is
Financial assets
There are two financial instruments in this model; bonds/savings accounts, and mortgages.
2 The household can invest non-negative amounts in the risk free liquid asset, A, that has a safe return R a (remember that R = 1+r). The second instrument is a mortgage, D, that requires an interest payment R d − 1 in every period. The maximum mortgage a household can have is dependent on the value of the current housing stock. Real estate can thus be financed with a loan except for the down payment, the fraction κ of the purchase value that has to be paid up front (loan-tovalue requirement).
The additional resources that the households receives by taking out a mortgage can be used for consumption, housing investments or financial investments.
Lifetime budget constraint
The household begins each period with a level of net assets N A that depends on last period's financial investments, and the debt taken out. We can rewrite the expression for net assets at the beginning of period t + 1 as
Furthermore we express cash-on-hand X as the sum of net assets and current labor income:
The household can use her resources which consists of cash-on-hand and the debt taken out to finance the purchase of the non-durable good, to invest in financial assets and to adjust her housing stock.
Combining the equations above leads to the household's dynamic budget contraint
The optimization problem
The household maximizes expected discounted lifetime utility subject to the dynamic budget constraint, the law of motion for the housing stock, the stochastic processes and the constraints on the financial instruments.
with respect to consumption (C t ), debt (D t ), and housing investment I h t . The problem has three state variables; cash-on-hand (X t ), last period's housing stock (H t−1 ), and the current housing price P h t . Let V t denote the household's period t expectation of life-time welfare, the maximization problem can then be restated recursively using Bellman's priciple of optimality as
subject to laws of motion for the states:
for I h t = 0 the house price and income process
An increase in the interest rate
The effect of a change in the interest rate on household consumption is both theoretically and empirically indeterminate. Here we will consider an increase in the key policy rate that will drive up all the interest rates in the model, thus we simplify by considering the overall return R. Using the framework of the model above and disregarding for the moment the inclusion of housing in the utility fuction (or assuming φ = 1) 3 , the standard Euler equation derived from a CRRA utility function is
where ρ is the subjective time preference rate. When the interest rate is higher than the subjective time preference (βR t > 1), the household will prefer to have positive savings and consumption will grow over time, but the degree of intertemporal smoothing will depend on the inverse of the relative risk aversion, i.e. the intertemporal elasticity of substitution, 1/θ. Taking logs of consumption we get an approximate expression for the growth rate of consumption
So, the substitution effect of a higher interest rate pulls clearly in the direction of lower consumption today, higher savings today and thus higher consumption tomorrow. However, it will depend on the individuals' preferences, i.e. their patience, and the degree of intertemporal smoothing.
All saving in this model is for life-cycle smoothing purposes, i.e. there is no bequest motive. The savings profile is hump-shaped, rising in the early part of the life cycle, then falling, and eventually becoming negative as wealth is run down in retirement. Saving may also be negative at the beginning of the life cycle. We define lifetime wealth in any period as the sum of asset wealth (accrued savings) and human wealth (the present value of future earnings). Since the present value of future earnings falls with a rise in the interest rate, the human wealth effect from a rise in the interest rate causes a decrease in current consumption. Note that the human wealth effect is likely to differ with age and the remaining horizon. The short run interest elasticity of savings should be higher for younger persons than for older ones because the human wealth effect is greater.
If we consider the asset wealth effect, then the budget constraint shows how effects will depend on the person or households' net position in financial assets, whether they are net savers or net borrowers. To avoid confusing this with the traditional income effect in a two-period model, we call this the resource effect thus linking it more closely to the cash-on-hand concept. When the interest rate rises, the consumer's capital income is also altered. Whether income rises or falls depend on whether the consumer was a net borrower or a net lender prior to the rise in the interest rate. If the family was a net saver, then a rise in the interest rate will yield additional gains on accrued savings. Thus, the family can consume more, both now and in the future. The reverse is true for net borrowers. At a higher interest rate loans cost more than before. Consequently, the consumption possibilities for the net borrower will decline with an increase in the interest rate. In the model above, net wealth is never negative as the credit contraint
negative. This imposes also a liquidity constraint since cash-on-hand in its simplest version (all interest rates equal) is
and if income Y is given and the interest rate increases, the only way to maintain resources available for consumption is by borrowing more. However, if the consumer is already in the corner solution where D t = (1 − κ t ) P h t H t , then he cannot borrow more. Thus with liquidity constraints, fluctuations in income in the constrained part of the life cycle result in one-for-one changes in consumption. Later on in life, when incomes are higher and the balance between A and D less extreme, there is more room for adjustment and behavioral responses to changes in intertemporal prices.
Given that liquidity constraints may be binding for young households or heavily indebted households, it is likely that the negative resource effect of an increased interest rate will be dominant, while for less constrained households there will be a combination of the resource effect (the size and sign of which will depend on net financial assets A − D) and the substitution effect. If A > D then the resource and substitution effect on consumption will pull in opposite directions and the total effect will be a priori indeterminate.
To sum up all the effects on consumption of an increase in the interest rate: For net savers (A > D), there is a negative substitution effect and a positive resource effect. In addition there may be a negative human wealth effect, but small if the net savers are relatively old. In total the theoretical effect on consumption is a priori indeterminate. For net borrowers (A < D) there is both a negative substitution effect and a negative resource effect, and in addition the negative human wealth effect is potentially larger for net borrowers if they are relatively young. At the outset the total effect on consumption should then be clearly negative.
An interesting point raised by Sufi (2015) , is that there may be asymmetrical responses to positive and negative changes in the interest rate also within the net borrowers group. Given a reduction in interest rates in order to boost consumption, households with already high debt burden may be either unwilling or unable to increase their consumption more. Unwilling because they would prefer to take advantage of the lower debt cost to pay down more on their mortgage, or unable because they are already at their credit limit. If this effect is important then a higher interest rate will lower consumption for net borrowers, but a lower interest rate will not yield a symmetrical increase in consumption.
Also in empirical studies it has proved difficult to find a clear effect of interest rates on saving and consumption. So far, results from empirical studies using aggregate time-series data have been inconclusive. Virtually no aggregate time-series studies suggest a large savings response by households to changes in the after-tax return. Estimating the savings elasticity is difficult with aggregate time-series data because of the problems of disentangling the impact of the interest rate from other factors that affect consumption and savings decisions. Business cycle variables such as real income growth, credit supply, house prices and other asset prices are jointly determined with the interest rate and also influence each other. This problem introduces substantial uncertainty into determining the empirical responsiveness of household savings to changes in the after-tax return.
Another empirical approach to estimating savings response are analyses of the relationship between the growth rate of consumption -rather than the level of consumption -and the after-tax rate of return. Using micro data, Blundell et al. (1994) and Attanasio and Browning (1995) obtain variation in interest rates by construction "synthetic cohort" data, in which interest rates is a weighted average of time-specific interest rates. These studies report estimates for the intertemporal elasticity of subsitution that vary between 0.6 and 2.2, on average about 0.75.
There are two main problems with the identification of the interest rate effect on consumption growth/saving that comes purely from time series variation in the interest rate (also when instrumenting the rate with twice lagged interest rates). The first is mentioned above; the difficulty of identifying the impact from interest rates because of the co-variation with other time series factors. Instrumenting with lagged interest does not solve this problem if factors are evolving. The second problem, pointed out by Carroll (2001) , is that a higher interest rate will lead to higher wealth holdings, which reduces the variance of consumption, lowering the growth rate of consumption. This violates the assumption of most analyses of the log-linearized Euler equation, namely that the consumption variance term does correlate with the interest rate, and causes biased estimates of the elasticity of intertemporal substitution (downwards).
A drop in house prices
Rising house prices affect household spending by either loosening a household's lifetime budget constraint ("pure" lifetime wealth effect, see Skinner, 1994) or loosening the household's borrowing constraint so that consumption rises toward the level implied by the consumption Euler equation (borrowing collateral effect, see Iacoviello, 2004) . In this model the wealth effect is assumed to be operating though the collateral channel, i.e. higher housing wealth opens up for re-mortgaging, while a drop in house prices, η t , will tighten the credit constraint. Recalling that
For households already in the corner solution where the mortgage is at the maximum, a drop in house values may require increased savings as the mortgage has to be brought down to the new (lower) level implied by the credit constraint. In practice this constraint may not be as binding for existing borrowers as banks seldom require that households adjust their loan-to-value to fluctuating house prices. New housing investment will not be affected as long as we assume the agents are buying and selling in the same market. Entry into the housing market will be easier with low house prices, unless a fall in house prices is accompanied by an increase in the equity requirement, κ. This could happen in a market with adaptive expectations and where the creditors expect house values to continue to fall in the future, see Anundsen and Jansen (2013) .
Unlike in the previous section where an interest rate shock would affect consumption and saving differently depending on the net asset position, and where it also would potentially cause substitution effects, a wealth effect of housing is more clear cut. An increase in consumption would be mirrored by a similar reduction in saving.
Most empirical studies conclude that house price appreciation affects household spending through the borrowing collateral channel and not the pure wealth effect channel. Generally they find a small, but significant, effect of (unanticipated) housing capital gains on consumption behavior. The most recent analyses also consider heterogeneous responses, mainly the heterogeneity in responses between young and old homeowners and renters (Campbell and Cocco, 2007; Attanasio et al., 2009; Disney et al., 2010) under the argument that young and old households are "short" and "long" in their holdings of housing wealth and should therefore respond differently. Furthermore, the size of the wealth effect is based on perceptions of the change in wealth. Disney et al. (2010) find a much smaller response to a house price "shock" (an average marginal propensity to consume out of unanticipated gains of around 0.01) than Campbell and Cocco (2007) find for pure changes in the UK housing wealth (who finds a marginal propensity to consume out of housing wealth of close to 0.1). For the US, Cooper (2012) finds that the consumption of potentially borrowing constrained households increases between 0.06 and 0.18 per dollar increase in their housing equity, while the consumption of unconstrained households is little changed. Using Danish data for consumption similar to the data used in this memo, Browning et al. (2013) also find a positive and significant relationship between unanticipated house price innovations and consumption only for young households who are likely to be credit constrained (with an average MPC of 0.05). Only one study, Disney et al. (2010) , considers asymmetrical effects of house price rises and falls, but finds no evidence of a significant asymmetry in the response to gains and losses.
A negative income shock (unemployment)
A negative shock to labor income, ε t , (that may have been caused by an increase in the unemployment rate) will in isolation simply have a negative income effect:
Remember that cash-on-hand X is the sum of net assets (at the start of the period), its return, and current labor income:
and that the household can use her resources which consists of cash-on-hand and the debt taken out to finance consumption, to invest in financial assets (savings) and to invest in housing.
A negative income shock leads to less consumption and/or lower investment in housing as long as the household is credit constrained and is unable to borrow to smooth the shock (negative savings). As the equation above shows, if the household has enough financial assets, an alternative is to use some of these resources to smooth consumption (also negative savings).
By now, it is widely accepted in the literature that the individual income process is well described as in Section 2.2 of this memo; a deterministic part (life-cycle) plus an income process consisting of a permanent (random walk) and transitory (white noise) component. Thus, effects will depend on whether the income shock is perceived to be transitory or permanent. Acconding to Friedman (1957) 's permanent income theory the consumer's response to a permanent income shock should be close to 1, while the response to a transitory income shock should be close to zero. Basten et al. (2015) use the Norwegian register data to investigate saving patterns and portfolio rebalancing toward safer assets before unemployment. They find additional saving in the three years before the unemployment spell as well as in years 3 and 4 after job loss. Furthermore, they also find evidence of portfolio rebalancing in the years before unemployment. The latter two results suggest that the average household is indeed able to foresee the upcoming unemployment spell, and is then both able and willing to prepare for those rainy days.
Empirical evidence for Norway
Norway is an interesting case to study because it is a country with a long history of promoting homeownership, partly through making housing a very tax-favored savings vehicle. The economic incentives lead young households to enter the housing market early and with high leverage. Furthermore, since the Norwegian economy is generally good and the country has a very well developed social security system, access to mortgages has been easy for most households since the last banking crisis ended (in 1992) . This has led to a high share of mortgage-financed homeownership in Norway. Finally, there is a prevalence of floating interest rate mortgages. Only a small fraction hold fixed interest rate loans. Although this fraction varies over time it has rarely been above 10 percent of the total amount of loans in the household sector. In other words, the majority of the Norwegian population is quite exposed to interest rate changes through their mortgages, and interest changes have an immediate effect on the households' budget.
Data description
The data is derived from a combination of administrative registers covering all individuals in Norway, where the main data source used in the analysis is the register of tax returns that contains detailed information about all individuals' incomes and wealth. These data are of high quality because most information is third-part reported to the tax authorities, and very little is self-reported. The information from the tax returns is combined with family identifiers from the population register in order to aggregate all income and wealth information at the family level. Thus all variables in the analysis is measured at the family level.
5 In this analysis we focus on the period 2000-2011. We combine information from Norwegian registry data on income, asset holdings, and asset returns to arrive at imputed consumption expenditure from the household budget constraint. The method is comparable to, and along the lines of the work done by Browning and Leth-Petersen (2003) , Kreiner et al. (2014) and Koijen et al. (2014) . Using the notation from the theory section, the household can use her resources which consists of cash-on-hand and the debt taken out to finance consumption, to invest in financial assets (savings) and to invest in housing
which gives us a definition of consumption of household i in period t as income minus savings. However, for reasons that will be explained in Appendix A we exclude periods with housing investment P h t I h t because of measurement errors. On the other hand we include lottery winnings, inter vivos gifts and inheritances (B t ) that are not in the model but available in the data, i.e.
In our data, the change in nominal financial assets from one year to the next consists of two parts; changes in the stock of asset and changes in the valuation of the asset. We do not want unrealized changes in the asset's price, i.e. unrealized capital gains and losses, to be part of our consumption imputation as they do not reflect the household's active consumption and savings behavior. Thus what we call "active savings" is the nominal change in financial assets minus capital gains and losses.
6 Equation (1) also provides the definition of disposable income used thoughout this analysis as labor income + transfers + net capital income, all measured after tax, plus any lottery winnings, inter vivos gifts and inheritances.
7 See Appendix A for a more detailed description of the imputation method and sample restrictions.
Consumption tracks income -savings reflect life cycle behavior
Consumption tracks income closely over the life cycle. This property follows from the way consumption is imputed, i.e. as income minus active savings. We therefore focus on saving behavior over the life cycle. Figure 1 shows the effect of separating active and passive savings. Passive saving refers to the annual difference in net financial wealth, without adjusting for capital gains and losses. Passive saving follows mainly the same pattern as active saving, and is in line with traditional life-cycle theory; negative savings in younger years, then a gradual increase in savings until it peaks at ages 55-60, thereafter saving drops markedly at retirement. The lowest line in Figure  1 shows active saving in all financial assets except changes in debt. It highlights how down payment on mortgages is the main savings vehicle for most households. Active saving other than accrual or down payment of debt is small at the median, except for young households saving up for house purchases and elderly households.
The median values are low and are not representative of average saving, but useful as an illustration of the saving pattern over the life cycle. Note: Active saving is the first difference in net financial wealth adjusted for unrealized capital gains and losses, while passive saving is the first difference in net financial wealth with no adjustment. Active saving in deposits, funds and stocks denotes active saving in all positive financial assets (i.e. not including changes in debt). Median of all years pooled together at each age.
Initial impacts -size and distribution
With comprehensive micro data for households it is straightforward to compute the size of an initial income/wealth effect and its distribution over the population. Ideally, we would like to use the imputed consumption measures to calculate the marginal propensities to consume over the life cycle, and subsequently the aggregate consumption effect of an income change. However, since we have used current income in the construction of consumption, it would be tautological to estimate a regression where current income is included as an explanatory variable.
9 In Appendix B we present a short survey of the literature on the marginal propensity to consume (MPC) out of permanent and transitory income shocks.
In Figures 2 and 3 we show the first effect of a one percentage point increase in the interest rate, a one percent drop in labor income, and a one percent drop in house prices. The outcome is calculated on the distribution in 2011 and is therefore measured in 2011-kroner. For interest rates we present the after-tax income effect, for labor income we present the pre-tax income affect (as the tax varies individually), and for the drop in house prices we present the effect on the net housing value (defined as housing wealth less debt).
10 The latter differs from the two former effects by not directly affecting the households' cash-on-hand. One could argue that it is the effect on gross housing value that is relevant, especially when there is a drop in house prices and the household has a high loan-to-value. This will be more discussed in later sections. Due to the currently high degree of indebtedness in the population, an increase in the interest rate would be a negative income shock for most households, especially those in prime working ages. Only the oldest age groups have positive net interest bearing assets on average. In 2011 an increase in the interest rate of 1 percentage point would lead to an average drop in annual after-tax income of about NOK 9,000 after tax for households in their 30s, or an annual drop of NOK 27,000 if the increase was 3 percentage points. However, Figure 3 indicates that households on average are relatively robust as the main bulk of debt is concentrated in the upper income deciles. As shown in the theory section, the crucial variable is the net asset position. This will determine the immediate income effect from a change in the interest rate. If we consider the net position in interest bearing assets, those with high levels of debt will typically also have negative net assets, even though they may at the same time have a decent amount in savings accounts. The overall impact on the household's cash-on-hand will depend on both the income shock relative to current labor income and liquid buffer stock. As Figure 3 shows, high-income households bear the highest change in interest expenses, suggesting that they might have enough resources. Interest rate Labor income House prices
Note: The after-tax income effect of a 1 percentage point increase in interest rates; the pre-tax income effect of a 1 percent drop in labor income; the net wealth effect of a 1 percent drop in house prices. Net wealth is measured as housing wealth less debt.
The decline in labor income affects only non-retired households, and the potential accompanying increase in uncertainty would affect young households more than more mature and settled households with a shorter remaining working life. Thus a labor income shock would affect young households relatively more than older households. However, there are two factors that mitigate the effect of a labor income shock. Firstly, taxes work as automatic stabilizers (not show in the figures here), and secondly, there is public insurance against unemployment.
Since housing equity accounts for a large share of total net wealth in Norway, even small changes in house prices may generate a large impact. This is illustrated in the figure by the fact that a one percent drop in house prices generates the largest effect of all, even though a one percent drop in the house price is not very much. According to Figure 2 , the housing net wealth effect will affect older age groups relatively more. Figure 3 shows that housing wealth is more evenly distributed over income than other types of assets, but a drop in house prices will affect the upper decile more.
Consumption rates over time
There are three important dimensions that may determine both the impact of a shock and the consumption response to the shock; age, after-tax income and indebtedness, see the discussion in Appendix B. In policy discussions one seems to concentrate on several distinct household "types" that are not necessarily well identified simply across the dimensions age, income and debt. The most vulnerable households are usually low-income households, but may be found in all age groups. The indebted households are mainly in the age group 30-49 years old -but not necessarilyand as shown above they can be found over the entire income distribution. Their main characteristic is the huge imbalance between positive and negative interest income which makes them especially vulnerable for interest rate changes, and yet statistics show that there is a significant fraction of 30-49 year olds that actually have a substantial financial buffer. Finally, the very wealthy is a main driver of the macro measures, but their response to policy changes and macroeconomic shocks may deviate substantially from the response of an ordinary, indebted household since their portfolio is more diversified.
The four panels in Figure 4 show median consumption rates, defined as consumption over disposable income, for different groupings of the population over the years 2003-2011 (the consumption rates presented in the figure are also given in Appendix C) . In the upper left panel we have divided into three age groups; the "young" (age 26-39), the "middle aged" (age 40-66) and the "elderly" (age 67-90). The figure shows that the young in general have higher consumption rates and their drop in consumption during the financial crisis is more pronounced than for the two other age groups, although there is a distinct drop in the consumption rate of middle aged households as well. Only in retired households do we not find the same pattern. The upper right panel shows a split into disposable income deciles. We have grouped the two lowest deciles and the two highest deciles separately, while deciles 3-8 is the third group. Here we see a clear difference between the lowest part of the income distribution and the rest. Low income household have quite consistently consumption rates close to unity, in other words they consume all their income or in the terminology used before, they are hand-to-mouth consumers. For the remaining part of the distribution, there is no apparent difference between the top incomes and the middle incomes apart from somewhat higher consumption rates in 2007 and a subsequently larger decline in consumption rates in 2008-2009 for the top incomes. Next, we sort by bank deposits less debt having in mind that changes in interest rates will have opposite effects on those who are net savers and those who are net borrowers in banks. In the figure we let those with positive net interest bearing assets (bank deposits minus debt) be in the net savers group, and those with negative interest bearing assets be in the net borrowers group, those with neither is in the remaining group, called "deposits less debt = 0" in Figure 4 .
11 In the latter group we find households with little or no assets, and these seem to have very stable consumption rates over time. Net borrowers exhibit the same pattern as young households in the figure above, but at a higher level. This indicates that not all young households are net borrowers. Likewise, the pattern of net savers resembles that of older households, and this is not surprising since there is substantial overlap between these two characteristics. Older households account for 17 percent of the population in 2011, while the group of net savers are about 14 percent. Correspondingly, net borrowers constitute about 42 percent of the population in 2011, and young households 38 percent. The lower right panel sort households by the distribution of total net financial wealth. While one may worry about how vulnerable households will be affected by policy changes, their consumption and savings behavior will have little influence on the aggregate measures of consumption and savings. In Norway, the ten percent wealthiest own half of total net wealth, and the top three deciles of the income distribution receives almost half of total after-tax income (according to Statistics Norway's income and wealth statistics for 2013 12 ). The behavior of the wealthy households may have a large impact on aggregate measures (forcefully demonstrated before the 2006 tax reform) but their behavior is not necessarily described by a general lifecycle model, see Carroll (2000) . Thus, in this figure we have included the consumption rate from the National Accounts.
13
The figure illustrates a main point; that most of the fluctuations in the National Accounts' consumption rate are driven by the wealthiest households.
14 Being wealthy is here defined as being in the top two deciles of the net financial wealth distribution. This is especially apparent for the years 2003-2006, but also the decline in consumption rates in 2011 seems to reflect more the wealthy households' behavior than the rest of the population. The conclusion is the same for the aggregate saving rate, since it will only mirror the consumption rate. As we saw above the top income households do not correlate as much with the National Accounts' as the top of the wealth distribution does. The wealth distribution is more unequally distributed than the income distribution, thus the top of the wealth distribution identifies more clearly the "rich" households than do the top of the income distribution. Finally, we investigate the role of high debt ratios and liquid financial buffers (bonds/bank accounts plus mutual funds). We split the sample into the following three groups; consumers with no financial buffer, consumers who have high loanto-income or high loan-to-value but also some financial buffer, and the rest of the population. We define "no buffer"-consumers as households with a financial buffer smaller than one months' gross income. Consumers with high debt ratios have either a loan-to-income of 3 or more, or they have a loan-to-value larger than 0.85, but we look separately at those who are not in the former group (thus they do have a financial buffer larger than one month's gross income). Since the imputed consumption automatically will be high when debt is incurred, we define high debt ratio households on the basis of the previous period (assuming at the same time that they are not in the "no buffer" group in the current period). The rest of the population is in neither group, i.e. they have moderate loan-to-income ratios and a liquid financial buffer larger than one month's gross income. Figure 5 shows that the "no buffer"-group has consumption rates around one, indicating that they consume approximately all their income, acting as hand-to-mouth consumers. Rest of the population-group exhibits also quite stable consumption rates 12 https://www.ssb.no/inntekt-og-forbruk/statistikker/ifhus/aar/2014-12-17 13 https://www.ssb.no/nasjonalregnskap-og-konjunkturer/statistikker/nr 14 The conclusion holds even when we use mean or aggregate consumption rates or base the median statistic on the whole sample, i.e. without excluding owners of non-listed shares and business capital. However, consumption rates based on a non-restricted sample becomes very volatile and is therefore not shown. No buffer (deposits pluss mutual funds < monthly gross income) High debt ratios (LTI > 3 or LTV > 0.85) but with buffer Rest of the population over time, but at a lower level implying lower propensities to consume. Furthermore, their consumption rate is relatively stable during the financial crisis. It is in the high debt ratio group that we find the largest response to the crisis. Although this group is smaller than the others (which may explain some of the volatility in the statistics), we still recall this drop in consumtion rates in 2008 from the previous figures for young housholds, top income decile households and negative net financial asset households respectively. From Figure 5 it seems that the combination of high loan-to-income (or loan-to-value) and a reasonably large financial buffer identifies quite well the group of consumers that respond most strongly to income shocks or other changes on economic conditions. Table 1 looks more closely at the characteristics of the three groups used for illustration in Figure 5 . The "no buffer" group have by construction little financial assets but they also have a fair amount of debt and we note that their annual interest expenses exceed their financial buffer, indicating that they are vulnerable to increases in the interest rate. There is a slightly higher fraction of males in this group, and they account for about 30 percent of the population. This is quite a large fraction considering that it is a group that seems less able to smooth their consumption in the presence of income shocks. The relative size of this group is also surprisingly close to the estimated fraction of hand-to-mouth consumers in Kaplan and Violante (2014) , and to the fraction of rational non-planners in Reis (2006) . The main characteristics of the high debt ratio consumers is that they have both high earnings and high debt values (as illustrated in Figure 3 ), but also a considerable financial buffer. On average they seem to have room to maneuver and to be able to smooth income shocks. However, as Figure 5 illustrates, they still may have high propensities to consume and may react strongly to negative or positive income shocks. This group is also characterized by being somewhat younger and having more children, and as a fraction of the population they are increasing over time. Given the way it is defined above this group constitutes 12 percent of the population in 2011, as opposed to about 9 percent in 2005. However, it is important to note that given the way we have defined and sorted households (based on their current position or position in the previous period), there is a considerable amount of entry and exit between the different groups over time so we are not necessarily comparing the same households over time. In the next section we take on an alternative approach where the groups are defined on the basis of their debt position in an initial period and where the behavior of that group is followed over time.
Using Norwegian consumption data from Fagereng and Halvorsen (2015) , Yao et al. (2015) investigate how housing and mortgage debt affects housholds' marginal propensity to consume out of wealth. They find that after controlling for wealth, the households with high loan-to-value decrease their consumption more when their wealth decreases. They next develop a structural model to account for how households accumulate mortgage debt over the life cycle and how this affects consumption choice.
Consumption responses after the financial crisis
Many countries saw steeply rising debt levels prior to the financial crisis. At the same time house prices also rose rapidly, so that debt to asset ratios remained fairly stable. When the financial crisis hit, a dramatic drop in house prices in many countries left a number of households with very high loan-to-value ratios. In Norway, the decline in house prices was only moderate compared to countries such as Denmark and the US (in Norway nominal house prices fell by 1,4 percent in 2008
15 , while they fell by 16 percent in Denmark), thus the loan-to-value ratio has been of a lesser concern than indebtedness in general. Dynan (2012) was among the first to analyze specifically the role of households' indebtedness in the downturn in consumer spending that followed the financial crisis. More precisely, she shows that US mortgagors with high loan-to-value (LTV) ratios prior to the crisis subsequently experienced larger declines in spending between 2007 and 2009. The analysis was followed up by similar work in the United Kingdom by Bunn and Rostom (2014) , and in Denmark by Andersen et al. (2014) . In the Danish paper the authors also find that high levels of household debt measured by the loan-tovalue ratio are associated with deeper downturns in consumer spending. They extend their analysis by allowing for a non-linear correlation, finding a stronger correlation the higher the LTV ratio. Bunn and Rostom (2014) study the indebtedness of UK households by loan-to-income (LTI) ratios instead of LTVs, and find the same pattern. Another related paper is Mian et al. (2013) who found that retail sales declined more in counties where households were highly leveraged prior to the crisis. Further, Baker (2015) finds that households with higher debt levels are more sensitive to a given change in income, using firm shocks as instruments for household income changes.
In this section we follow up on work by Andersen et al. (2014) who study whether high household leverage in Denmark amplified the reduction in household spending over the course of the financial crisis of 2008. Since the analysis by Andersen et al. (2014) is based on consumption data derived in the same manner as our data, we will initially replicate their analysis by estimating the following econometric specification: 
15 According to Statistics Norway's annual house price index.
where the left hand side variable is the change in family i's consumption from 2007 to year s. Similar to Andersen et al. (2014) the change in consumption is measured as a share of family i's pre-tax income in 2007. The most important variable is the leverage, which we measure as loan-to-value (LTV) prior to the crisis. For the analysis to be valid we perform the regression for homeowners only. About two-third of Norwegian households are homeowners. Disposable income is defined as all income (labor, transfer and capital) minus tax and interest expenditure plus gifts and inheritances. Financial wealth is the sum of bank accounts, bonds, funds and listed stocks (remember that owners of non-listed stocks are removed from the imputation of the consumption variable). Housing wealth is measured as tax values converted to appropriate market values of owner occupied housing for the years 2010-2011, whereas for previous years the preliminary values calculated by Statistics Norway are used, see Appendix A. Net wealth is then financial wealth plus housing wealth minus debt. For more details on the data, see the data section.
Other controls are change in number of adults, change in number of children, age of oldest family member, age of the youngest child, and county of residence. Notes: Income is pre-tax income. Other controls are change in number of adults, change in number of children, age of oldest family member, age of the youngest child and county of residence. Clustered standard errors in parenthesis. Coefficient significance: *** 1 percent; ** 5 percent; * 10 percent. Table 2 shows that we in general obtain similar correlations between consumption change and loan-to-value ratio as Andersen et al. (2014) . A higher loan-to-value ratio in 2007 decreases consumption growth in succeeding years. Our analysis suffer from the use of preliminary imputations of housing wealth for the years 2007-2009, which makes our measure of the loan-to-value ratio imprecise prior to 2010. It also causes a break in the data when the new tax values are introduced in 2010, something that probably explains why the coefficient for the loan-to-value ratio changes from negative to positive in 2010.
An alternative is to replace the loan-to-value ratio with loan-to-income ratio as right-hand-side variable:
With the loan-to-income ratio we obtain coefficients that are similar to the Danish analysis inn all periods, see Table 3 . We find a clear negative correlation between the change in household consumption from 2007 to the years [2008] [2009] [2010] [2011] and household indebtedness in 2007. As in Andersen et al. (2014) we find that the effect is persistent also after the financial crisis, i.e. we find an effect in 2010-2011. Furthermore, we also find a stronger correlation between the decline in spending and the loan-to-income ratio for higher levels of the LTI, see Table 4 where we instead of using loan-to-income ratio linearly, use a piecewise linear specification, where each of the coefficients display the slope between categories of loan-to-income ratios.
Because of the endogeneity between change in income, wealth and consumption by construction, the coefficient for change in disposable income cannot be interpreted as a marginal effect. We note, however, that the estimated values are in the range 0.53-0.78, which is similar to the estimates in Cappelen et al. (2016) on the effect on consumption of changes in disposable income using other econometric specifications. The coefficients with respect to income are also more stable over the periods in the specification with loan-to-income on the right-hand-side compared to the specification with loan-to-value on the right-hand-side (except for the variables relating to house value that still suffers from measurement errors as discussed above).
The results from this analysis should be interpreted with care. The combination of variables on the right-hand side may cause multicollinearity problems, and the results are sensitive to the choice of the right-hand-side variables. To evaluate the robustness of the conclusion that the decline in consumption growth during and Notes: Income is pre-tax income. Other controls are change in number of adults, change in number of children, age of oldest family member, age of the youngest child and county of residence. Clustered standard errors in parenthesis. Coefficient significance: *** 1 percent; ** 5 percent; * 10 percent. Notes: Income is pre-tax income. Other controls are change in number of adults, change in number of children, age of oldest family member, age of the youngest child and county of residence. Clustered standard errors in parenthesis. Coefficient significance: *** 1 percent; ** 5 percent; * 10 percent.
after the financial crisis was very much due to the high loan-to-value or loan-toincome among households at the outburst of the crisis, we rerun the regression on alternative sample periods. Our hypothesis is that highly indebted households will have a lower consumption growth compared to other households independent of the macroeconomic environment. Table 5 and Table 6 The results show approximately the same negative correlation between consumption change and initial debt to income in these periods. These results support the hypothesis that the negative impact of a high income-to-loan ration on consumption growth is a regular property.
Compared with the results in Table 5 and 6, the results in Table 3 do show a larger negative impact on consumption growth over the crisis and post-crisis years of high loan-to-income levels. We assume, as Andersen et al. (2014) , that an important factor is increased uncertainty in the financial crisis and to some degree also a revision of expectations about future incomes, in particular for households that because of a strong belief in their future income prospects had already acquired a high level of debt.
The regularity stems from the fact that consumption is defined as total expenditure, including expenditures on durables. In the imputation method purchases of durable goods financed with advances on mortgages or unsecured lending will give a sharp rise in consumption in the year of purchase. Since investment in durables is infrequent, consumption after episodes of lumpy durable investments will always be lower relative to the period of investment. Andersen et al. (2014) also suggest that highly leveraged households exhibited unsustainably high consumption level prior to the crisis and that the decline in spending for these households has more or less brought them back to more "normal" consumption levels.
Although there is some regularity in that households have lower consumption following periods of high debt-financed consumption, there may still have been an additional drop in consumption during the financial crisis. This can be illustrated by looking at the consumption growth rates for different consumption categories in the National Accounts, see Appendix D. Contrasting the categories with the least change during the crisis with the categories with the largest change in growth rates, we find that the largest drop in consumer demand in 2008 was for durables (furniture and cars) or luxury consumption (entertainment and holidays). There is very little trace of the financial crisis in the demand for basics such as food, health and housing. In fact, there are several papers that emphasize that the timing of durables is an effective way for households to smooth other consumption across periods of fluctuating income.
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Summary
Understanding the role of debt and leverage for households' consumption and savings behavior is important from a policy perspective. A highly leveraged household sector can amplify an economic downturn or financial crisis. In this memo we have looked at the role of debt from both a theoretical perspective and from an empirical perspective. According to the theoretical model, debt does not play a role in itself expect as determining the size of the resource effect from a change in interest rates. However, debt can play a role if the household is in a corner solution and behave as if it is credit constrained and thus not able to optimally smooth consumption over time.
Descriptively we have shown that among leveraged households, a large fraction have little financial assets available as a buffer against potential income shocks. Low buffer households are expected to cut consumption much in the event of a negative income shock, and our analysis support this expectation. These households are likely to exhibit a one-to-one reduction in consumption to any change in current income.
At the same time, there is a fraction of highly leveraged households with sufficient buffers against income shocks but who still responded strongly to the changing economic conditions during the financial crisis. Hence, we have analyzed further the role of households' indebtedness for the downturn in consumer spending that followed the financial crisis. We find similar results as previous studies on Danish and British data, but also that some of the effect of indebtedness on consumption growth is due to a regularity that follows from conditioning on indebtedness in the initial period. Households' consumption will usually be relatively lower in periods after debt-financed durables investment, as these investments are infrequent and far apart. However, we still find a larger negative impact on consumption growth in and after the financial crisis. We assume that this is due to increased precautionary saving and that expenditures on durable goods were postponed. change (assuming that relocation coincides with buying/selling of homes), excluding owners of non-listed stocks, year observations of annual household income lower than 1 G, and households headed by persons older than 90 and younger than 25. All other statistics use the full sample when possible. Thus any group definition is based on the full sample, although the group's consumption and saving rates are based on the restricted sample within each group (in other words, we assume that the restricted sample represents the "normal" behavior of the entire group). As mentioned above, the measurement problem with respect to debt increases measured in full pertains even after the exclusions since information about transactions is imprecise. Therefore there is still a highly left-skewed distribution of saving, and aggregate rates of active savings are still predominantly negative, as illustrated in Table 7 . An alternative is to present median rates as these will be more representative of behavior in the middle or the central part of the population. Median rates are more robust to the amount of extreme values and the skewness of the distribution.
Appendix B Marginal propensity to consume (MPC)
According to economic theory, any expected change in the budget constraint would be incorporated in the optimal consumption path over the life cycle, whereas unexpected permanent shocks to income would manifest fully in changed consumption and unexpected transitory shocks would change savings most and consumption less. Examples of permanent income shocks are promotions or wage increases, an unexpected permanent income shock would be an accident causing disability, while a spell of unemployment or a one-off bonus would be examples of transitory income shocks. Standard life-cycle models with one risk free asset, and especially macro models (Heathcote et al., 2009) , imply a small and negligible MPC out of transitory income. In such models the only households that would react to transitory income would be credit constrained households. Although the definition of a credit constrained household has been discussed, the standard interpretation in macro models has been a household with close to zero net worth. This fraction is usually too small to make a difference in the aggregate, in particular considering that they usually have both low levels of income and consumption as well.
In the literature the marginal propensity to consume out of a permanent shock is often assumed to be equal to one. One theoretical underpinning for this is Deaton (1991)'s life-cycle model with liquidity constraints. In his model the only source of income uncertainty is permanent shocks (i.e. income is assumed to follow an AR1 process). The combination of autoregressive income and liquidity constraints yields a situation where a consumer with no assets will never save (will always consume all income) and have a propensity to consume out of a permanent shock equal to one. Another is Carroll (2009) , who solves numerically a buffer-stock model and finds a marginal propensity to consume out of a permanent shock in the range of 0.75-0.92. The reason that his estimates are less than unity is that an increase in permanent income reduces the ratio of assets to permanent income, thus increasing the amount of precautionary saving. Jappelli and Pistaferri (2010) review the literature and Carroll et al. (2015) summarize the microeconomic evidence on the marginal propensity to consume out of a transitory shock. The estimates range between 0 and 0.75, but most estimates lie in the range 0.3-0.6 for total consumer expenditure. Carroll et al. (2015) then proceed to simulate a buffer-stock model with heterogeneous time preference, or impatience. The combination of an income process with permanent and transitory income shocks and heterogeneity in time preference is able to match the observed degree of inequality in the wealth distribution, and provides a range of marginal propensities to consume out of transitory shocks between 0.2 and 0.4 where the highest propensities apply to households with low income or low target wealth (wealth to permanent income).
In later years there have been other nuanced approaches to the topic of the marginal propensity to consume that agrees more with observations in real life. Chetty and Szeidl (2007) emphasize that many households have "consumption commitments" that are costly to adjust when income shocks occur. Kaplan and Violante (2014) return to the distinction made by Mankiw (1989, 1990) between current-income-consumers and life-cycle planners, but sophisticating the distinction by asset ownership and providing a structural model as an underpinning. They argue that there are two types of current-income-consumers, or what they call "hand-to-mouth" consumers; the usual poor hand-to-mouth consumers with close to zero net worth, and a group of wealthy hand-to-mouth consumers who have substantial net worth but all of it tied up in illiquid wealth and are on their credit limit. The latter group will act as current-income-consumers (and thus appear as credit constrained) because they are better off bearing the welfare loss of fluctuating consumption rather than incurring the transaction cost of tapping into their illiquid wealth. Either they can only obtain credit at very expensive interest rates, or by keeping liquid assets they would forego the high return on their illiquid asset.. Kaplan and Violante found that between 17.5% and 35% of US households were "hand-to-mouth" consumers, and between 40 and 80 percent of these were relatively wealthy.
Although we are mostly concerned with the response to an unexpected income shock, in reality it is not always so easy to distinguish between types of shocks. In the consumption-income literature, shocks to labor income is defined as the residual from a model determining life-cycle income, where the residual is subsequently econometrically decomposed into a permanent shock and a transitory shock as in Section 2.2. However, this method hinges on a lot of assumptions such as knowing the correct lifetime income model, and ultimately it is not observable whether a shock is permanent or transitory. The individual itself may be uncertain about the duration or type of shock. Furthermore, it is not obvious whether an interest income or wealth shock is perceived to be permanent or transitory. When it comes to income shocks due to interest rate changes this differs from individual income shocks by being common to all, but whether it is a positive shock or a negative shock will depend on the net asset position. Also, there is likely to be a size-asymmetry in the consumption response to small and large income changes (Hsieh, 2003) .
Furthermore, expectations about duration may depend on whether the change is moving away from or towards the long term equilibrium, and whether the shock is national (internal) or international (external). In some of the studies analyzing the effect of housing wealth on consumption, house price "shocks" are defined as the residual from an autoregressive estimation of regional house prices, thus assuming that house price expectations are essentially adaptive and not related to any long term equilibrium. Also, as discussed in the theoretical section, there could be asymmetrical responses to positive and negative shocks. Finally, uncertainty in itself may play a role. Negative shocks may increase the overall uncertainty about future incomes and may cause higher precautionary saving (Gudmundsson and Natvik, 2012) . 
